A novel apoptosis-specific protein (ASP) has recently been identified in the cytoplasm of apoptotic mammalian cells. This (Gregory, 1995) . During ontogeny, T and B lymphocytes that are autoreactive or nonfunctional, due to inappropriate rearrangement of antigen-receptor gene segments, die by apoptosis (Osborne, 1996) . Cytolytic lymphocytes (both T and NK cells) kill by inducing apoptosis in their target cells (Berke, 1995) (Duke, 1996) .
INTRODUCTION
Apoptosis plays a crucial role in the development, physiology, and pathology of the immune system (Gregory, 1995) . During ontogeny, T and B lymphocytes that are autoreactive or nonfunctional, due to inappropriate rearrangement of antigen-receptor gene segments, die by apoptosis (Osborne, 1996) . Cytolytic lymphocytes (both T and NK cells) kill by inducing apoptosis in their target cells (Berke, 1995) , a *Corresponding author. Tel.: +44 191 374 3359. Fax: +44 191 374 2417. E-mail: J.D. Horton@durham.ac.uk mechanism that, unlike necrosis, prevents inflammation or spilling of cellular contents that might damage or infect surrounding healthy cells. Inappropriate apoptosis of lymphocytes may be triggered in some pathologies, for example, AIDS (Duke, 1996) .
In mammals, apoptosis can be characterized morphologically by cell shrinkage, nuclear pycnosis, chromatin condensation, and plasma membrane blebbing, with rapid phagocytosis of apoptotic cells (Martins and Earnshaw, 1997) . A cascade of molecular and biochemical events is also associated with apoptosis (An and Knox, 1996;  Nagata, 1997) , including the interaction between apoptosis-signaling cell-surface TNF-receptor family members (such as fas) and their ligands (e.g., fas ligand), subsequent intracellular signaling by death factors such as the caspase family of cysteine proteases, and the fragmentation and loss of DNA. Recently, a novel "apoptosis-specific protein" (ASP) has been identified in human Burkitt lymphoma cells and in adenovirustransformed human and rat embryo cells (Grand et al., 1995) . ASP is expressed when these cells are triggered to apoptose by a variety of stimuli, including serum deprivation and exposure to ionomycin. ASP was identified using a rabbit polyclonal antibody raised against a synthetic peptide of the human c-jun protein, which cross reacts with ASP. Western blotting revealed that the principal peptide (ASP) detected by this antibody in apoptotic cells had a molecular weight of 45-kD, rather than the 39-kD bona fide c-jun protein. ASP is found in the cytoplasm, whereas c-jun, a component of the activator protein (AP-1) transcription factor, is located in the nucleus. Increased ASP expression in apoptotic cells appears to be attributable to an increase in translation of preexisting mRNA (Hammond et al., 1998) . ASP persists long after cell death and appears to form part of a modified cytoskeleton perhaps responsible for maintenance of membrane integrity in apoptosing cells prior to their phagocytosis (Grand et al., 1995) .
Since evolutionary conservation of the molecular basis of apoptosis is indicated from comparative studies of programmed cell death from mammals back to invertebrates such as nematodes (Martins and Earnshaw, 1997) , it might be expected that apoptosis at the amphibian level of evolution can be identified by probes used for mammalian apoptosis. In this paper, we investigate whether the anti-ASP antibody used by Grand et al. (1995) can identify conserved apoptosis-specific proteins in Xenopus, whose immune system development is being explored in depth (Du Pasquier et al., 1996; Horton et al., 1996a) . Our studies center on Xenopus thymus tumor-derived lymphoid-cell lines B3B7 and 15/0 (Du Pasquier and Robert, 1992; Robert et al., 1994) , since novel apoptotic markers for these tumor cells, being used as targets for Xenopus cytolytic lymphocytes (for both NK-like cells [Horton et al., 1996b] , and T cells [Horton et al, 1997a [Horton et al, , 1997b .
Aliquots were also taken for fluorescence microscopic analysis of either acetone-fixed cytospins stained with anti-ASP ( Figure 2E ) or unfixed cells stained with acridine orange (Figures 2A to 2D Splenocytes ( Figure 5 and Figure 6 ). (Ruben et al., 1994; Barker et al., 1997) and to study immune-mediated tail loss in this amphibian (Izutsu et al., 1996) . The experiments presented here, while revealing that DNA loss can be A B Xenopus, it should be applicable not only to fluorescence microscopic analysis of cell smears, but also to flow cytometric analysis of cell suspensions. Although this would appear to be the case, the reasons why a significantly higher proportion of lymphoid tumor cells were identified as ASP-positive by flow cytometry than by fluorescence microscopy needs to be resolved. Undoubtedly, the cytometer is more sensitive at fluorescence detection than microscopy and therefore possibly our cytometric analyses detect lower intensities of ASP expression, such as might be found in early apoptotic cells, which have yet to show pycnotic nuclei. On the other hand, the "ASP" signal seen in flow cytometry may be due to immunodetection both of genuine ASP and also of c-jun, against which the anti-ASP antibody was raised. The c-jun is localized in the nucleus and it is known that it can be upregulated at the onset of apoptosis (Collotta et al., 1992 (Grand et al., 1995) . Recently, cDNA encoding the 32-kD component of this protein family has been cloned from a human expression library and this has significant homology to a yeast gene essential for autophagy (Hammond et al., 1998) . As yet, it is unknown whether this gene encodes all ASP species. It is conceivable that the variety of ASP proteins seen in Westerns arise through posttranslational modification of the 32-kD ASP. Western blots of apoptosing Xenopus tumor cells, while indicating emergence of a protein of 45-kD, reveal this is not always the major induced band recognized by the ASP antibody. Molecular studies are now required to determine the nature of the various bands seen in apoptosing Xenopus lymphoid tumor cells.
In summary, we have been able to detect emergence of protein(s) in apoptotic but not necrotic Xenopus thymus tumor cell lines and also in apoptotic splenocytes, by use of an anti-c-jun polyclonal antibody, which has been previously employed to identify ASP in apoptosing mammalian cells. Detection of apoptotic proteins in Xenopus has been possible not only by fluorescence microscopy of fixed cell smears and by Western blot analysis of cell lysates, but also by flow cytometric analysis of permeabilized unfixed cell suspensions, the latter in itself being a novel finding (contrast methodologies used by Grand et al., 1995) . This new and simple methodology for identifying apoptotic Xenopus cells should expedite studies on the development of the Xenopus immune system, such as those investigating the extensive restructuring of immune system cells at metamorphosis (Flajnik et al., 1987; Rollins-Smith and Cohen, 1996) and others (Horton et al., 1996b (Horton et al., , 1997a (Horton et al., , 1997b ( studying the mechanism of tumor-cell cytotoxicity induced by cytolytic lymphocytes. (Robert et al., 1994) , whereas the 15/0 cell line is derived from a thymus tumor from an LG15 (X. laevis/X, gilli clone 15) clonal Xenopus. In our laboratory, these lymphoid tumor-cell lines are maintained in the Xenopus tumor-cell medium at 27C, subculturing when cell numbers approach 2.0 106/ml to maintain a high proportion of viable cells, new flasks being seeded at approx 2 105/ml. The tumor-cell medium has the following composition: 400 ml serum-free medium (as given below) diluted to amphibian strength with 120 ml triple-distilled water and supplemented with 40 ml supernatant from the A6 amphibian kidney-cell line (Rafferty, 1969) , 10 ml decomplemented fetal-calf serum (FCS from Advanced Protein Products), and 200/zg/ml kanamycin (Gibco). The 15/0 cells were additionally supplemented with 0.25% Xenopus serum. Serum-free medium comprises 500 ml Iscove's medium, 5 ml 100 nonessential amino acids, 50/xg/ml penicillin/ streptomycin (all from Gibco), 5 /zg/ml insulin (Sigma), 50 mmol mercaptoethanol (Sigma), and 1.5% Primatone (Roche [Grand et al., 1995] Boehringer "in situ cell death detection kit" was used in this assay. The manufacturer's instructions were followed exactly, except that samples were incubated for just 15 min at 37C.
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